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narive gene sequence and the corresponding cDNA cloned sequence. Of course, the 
sequenceofSEOIDNO:! fonnspartoftheseque.aceofSEQlDNO:3. It is therefore 
believed that both of these sequences can be searched b> means of a single search function. 
Again, therefore, both of these sequences should be considered part of the same inventive 
concept and should be allowable together in the present application. 
The Examiner stated: 

"TTie claims are not linked by a single special technical feature because the invention 
of Group I does not constitute an advmceov^Jb^r art. Group I is taught by Van De 
Loo et al. (1995 . Proc. Natl. Acad Set 9^743-6747) who teach that overexpressing a 
Rici»us fetty acyl desaturease gene in ^raWtS^anges the oil conteBl of Arabidopsis 
seeds..." 

The Examiner has mis-inteiprcted the result of the experiments of Van De Loo et al. 
They teach that overexpression of a Ricinus fatty acyl desaturease gene in Arabidopsis 
changes '.nd cnn^ncsition of the oil of Arabidopsis seeds. This is to be expected 

when altering the expression of desaturases. However, Van De loo et al. does aotjeach 
anything with respect to oil content. 

Claims 6, 12, 13, 19 and 23 have been amended to remove the inclusion of 
SEQ ID NO:23 so that these claims may remain in the present application with the claims of 
Group I. 

Minor corrections of obvious mistakes have been made to claims 5, 14 to 18 and 22. 
In view of the above, reconsideration of the restriction requirement is therefore 
requested. 

ResB^OTully submitted, 
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ABSTRACT Recent spectroscopic evideace implicating a 
binudear iron site at the reaction center of fatty acyl desatu- 
rases suggested to us that certain fatty acyl hydroxylases may 
share significant amino acid sequence similarity with desatu- 
rases. To test this theory, we prepared a cDNA library from 
developing endosperm of the castor-oU plant (Ricinus commu- 
nis L.) and obtained partial nucleotide sequences for 468 
inonymous dones that were not expressed at high levels in 
leaves, a tissue defident in 12-hydroxyoleic acid. This resulted 
m the idcntricatioa of several cDNA dones encoding a 
polypeptide of 387 amino adds with a predicted molecular 
wdght of 44,407 and with «»67% sequence homology to mi- 
crosomal oleate desaturase from Arabidopsis. Expression of a 
foU-length done under control of the cauliflower mosaic virus 
35S promoter in transgenic tobacco resulted in the accumu- 
lation of low levels of 12-hydroxyoleic add in seeds, indicating 
that the clone encodes the castor oleate hydroxylase. These 
; results suggest that fatty acyl desaturases and hydroxylases 
i share simUar reaction mechanisms and provide an example of 
^ enzyme evolution. 

j Ricinbleic add (D-12-hydroxyoctadec<Ly-9-enoic add) is a 
^ hydroxyiated fatty add identified as a constituent of the seed 
\ storage ofl in at least 12 genera from 10 famiUes of higher 
I plants (reviewed in ref. 1). The agriculturally important source 
^ ncinoleate is castor-oil plant {Ridnus communis L.), in 
I which ridnoleic add is restricted to the seed triacylglycerides 
f where it constitutes 85-90% of the fatty acids (2). In addition 
\ to its well-known purgative property, castor oil, by virtue of its 
E ncmoleate content, has many industrial uses, induding the 
r manufacture of nylon, paints and varnishes, resins, lubricants 
£ and cosmetics (2). 

I In vivo labelmg studies indicated that, in the developing 
. endosperm of castor, ncinoleate is synthesized by direct hy- 
? droxyl substitution of an oleic acid moiety rather than via an 
r unsaturated, keto or epoxy intermediate (3), The hydroxylase 
activity, whith is thought to be assodated with the endoplasmic 
reticulum (4, 5), is labile and has not been purified. In vitro 
ncinoleate synthesis by microsomal membranes requires 
oleoyl-CoA (or oleoylphosphatidylcholine), molecular oxygen 
and NADH (4, 5). Enzyme assays (5) and radioisotope labeling 
studies (6) indicate that the substrate for the oleate hydroxy- 
lase IS oleic acid esterified to either phosphatidylcholine or 
another phospholipid. The NADH is required to reduce 
• cytochrome bs, the intermediate electron donor for the hy- 
droxylase reaction (7). The involvement of iron in catalysis was 
suggested by observations that the hydroxylase activity was 
sensitive to cyanide and azide, and dialysis against metal 
f p /^^"^^ restored by addition 

ot FeS04 (4), Carbon monoxide does not inhibit hydroxylation 
indicating that a cytochrome P-450 is not involved (4, 5). * 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked -advenisemcntAn 
accordance with 18 U.S.C 51734 solely to indicate this fact 



The castor oleate hydroxylase has many superfidal similar- 
ities to the microsomal fatty acyl desaturases (8). In particular 
the microsomal o - 6 oleate desaturase acts on oleate 
estenfied to the sn-2 position of phosphatidylcholine (9) and 
requires molecular oxygen and reduced cytochrome 65 (7, 10) 
Recent Mossbauer studies of the castor stearyl-acyl carrier 
protein (ACP) desaturase have shown that this soluble enzyme 
contains a catalytically active fx-oxo-bridged diiron cluster 
(f ^^"^^Jf^e) (11)- This cofactor is also found in the hydrox- 
ylase component of the bacterial enzyme methane monooxy- 
genase. Based on the fact that the Fe— O— Fe cluster is now 
known to be involved in both hydroxylation and desaturation 
(12), and m view of the superfidal similarities between the 
castor hydroxylase and the microsomal w - 6 oleate desatu- 
rase, we have speculated that modifications of the active site 
of desaturases or hydroxylases containing Fe—O—Fe clusters 
could alter the outcome of the reaction, thereby converting a 
desaturase to a hydroxylase and vice versa (1). Furthermore, 
plants in which ricinoleic acid occurs are found throughout the 
plant kingdom; yet dose relatives of these plants do not 
contain ncinoleate. This suggests that the ability to synthesize 
ncmoleic add has arisen several times independenUy and that 
a relatively minor genetic change was associated with acqui- 
sition of hydroxylase activity. This raised the possibility that 
the oleate hydroxylase may exhibit significant amino add 
sequence similarity to a desaturase. 

A putative iron-binding motif, (D/E)-E-X-R-H, has been 
identified in the castor stearyl-ACP desaturase primary struc- 
ture by comparison with other soluble enzymes, such as 
methane monooxygenase, that contain the Fe— O— Fe cluster 
(11). Recently, cDNA clones have been isolated for mem- 
brane-bound desaturases encoding microsomal and plastic w - 
3 and a> - 6 desaturates of several plant species (reviewed in 
ref. 13). Of great interest is the identification of repeated 
histidine-rich motifs in all of these sequences, the membrane- 
bound stearoyl-CoA desaturase from animals and fungi, and in 
two membrane-bound monooxygenases (9, 13). These motifs, 
H-X-X-H-H or H-X-X-X-H-H, may be the functional equiv- 
alents in membrane-bound Fe-O—Fe proteins of the (D/ 
E)-E-X-R-H motif in the soluble Fe — O — Fe proteins. 

On the basis of the foregoing considerations, we hypothe- 
sized that it might be possible to identify a cDNA for the castor 
oleate hydroxylase by making several assumptions. First, the 
hydroxylase should contain a pair of histidine-rich motifs. 
Second, the hydroxylase gene would not be expressed in leaves 
which lack ricinoleate. Third, because of the similarities of the 
reactions catalyzed by the hydroxylase and the castor stearyl- 
ACP desaturase, we assumed that the mRNAs for the hydrox- 
ylase should be present in developing seeds at similarly high 

Abbreviation: TMS, trimethylsilyi. 
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levels to that of the desaturase, estimated to be about 0.1% of 
total mRNA (14). 

A cDNA library prepared from developing castor en- 
dosperm was enriched for clones expressed at moderate levels 
in developing endosperm but without detectable expression in 
leaves by a differential screening approach, and partial nucle- 
otide sequence data were obtained for 468 of these clones (15). 
Three clones with identical overlapping nucleotide sequences 
satisfied the proposed criteria. The evidence that these clones 
encode an oleate hydroxylase is reported here.* 

MATERIALS AND METHODS 

Nucleic Acid Manipulations. Total RNA was purified from 
castor developing stages III-V (16), cellular endosperm, and 
embryo. Poly(A)* RNA was enriched by two rounds of 
chromatography on oligo(dT) cellulose (17). 

A cDNA library of 1.4 X 10** primary transformants was 
constructed from poly(A)-*^ RNA in the vector pYES2.0 by 
using a kit ("Librarian IV"; Invitrogen) according to the 
manufacturer's instructions. A second cDNA library was con- 
structed in the vector Lambda ZAP II (Stratagene) according 
to the manufacturer's instructions. Filter replicas of this library 
were hybridized with labeled first-strand cDNA from devel- 
oping seed RNA and leaf RNA, and moderately abundant, 
apparently seed-specific clones were retained for partial DNA 
sequencing (15). Ail nucleotide sequences were determined by 
dye-terminator cycle sequencing on an Applied Biosystems 
373A sequenator according to the manufacturer's instructions. 

For Southern blots, filters were hybridized in 7% SDS/0.25 
M Na2HP04/l mM EDTA/1% bovine serum albumin at 65^0 
overnight, then washed sequentially in 2x, Ix, and OJX SSC 
(IX SSC = 0.15 M NaCI/0.015 M sodium citrate)/0.1% SOS 
at 65°C for 15 min each before being exposed to film. Unless 
otherwise indicated, all other filter hybridizations were carried 
out at 65°C in 4X SET (0.6 M NaCl/0.12 M Tris-HQ, pH 7.4 /8 
mM EDTA)/0.1% sodium pyrophosphate/0.2% SDS/0.1% 
heparin/5% dextran sulfate. Blots were washed three times in 
2x SSC/0.1% SDS at room temperature, exposed to x-ray 
film, and then to a phosphorimaging screen (Molecular Dy- 
namics). 

Northern Blot Analysis. Poly(A)+ RNA (3 /ig) and RNA 
standards (0.16-1.77 kb ladder, GIBCO/BRL) were electro- 
phoresed through an agarose gel containing formaldehyde 
(17). Following electrophoresis, RNA was transferred from the 
gel to a nylon membrane (Hybond N, Araersham) and fixed to 
the filter by exposure to UV light for 2 min. The 700-bp insert 
of clone pCRS677 was labeled by random priming and hybrid- 
ized to the filter as described above. 

Gas Chromatography. To prepare fatty acid methyl esters, 
samples of 25 seeds or 0.2 g of young leaf were treated in 2 ml 
of 1 M anhydrous methanolic HCl for 1-2 h at 80*'C. Upon 
cooljng, 1/lOth volume water was added and the fatty acid 
methyl esters were extracted into 1 ml of petroleum ether. The 
ether phase was recovered and dried under a stream of 
nitrogen, and fatty acid methyl esters were redissolved in 200 
/xi of acetonitrile. Bis(trimelhylsiIyl)trifluoracetamide (tri- 
methylsilyl = TMS) (100 ^1, Supelco) was added and hydroxyl 
groups were derivatized at 70°C for 15 min, dried under 
nitrogen, and redissolved in 100 ptl of chloroform. 

Fatty acid methyl esters were analyzed by gas chromatog- 
raphy by using a Hewlet-Packard 5830 Series 11 instrument. 
Samples (2 ^1) were injected onto an SP 2340 fused silica 
capillary column (60 m; 0.20-;im i.d,; Supelco) using a 15:1 
split. Oven temperature was hpid at 195°C for 18 min, in- 
creased to 230X (25^C min-»), held at 230<'C for 5 min. and 



*Thc sequence reported in this paper has been deposited jn the 
GcnBank data base (accession no. U22378). 



then reduced to 195'C (25°C min"'). For standard fatty a< 
analysis the flame ionization detector was selected. Injeci 
and detector were kept at a constant 220*'C. 

Mass Spectrometry of Fatty Acid Samples. Samples w< 
chromatographed as described above, except that the injecti 
temperature was 300X and the column was connected tc 
mass spectrometer (Hewlet-Packard). Ions were scanned 1 
m/z values between 30 and 500. 

Plant Transformation. Two independent constructs wc 
used to place the insert from pFL2 under transcriptioi 
control of the cauliflower mosaic virus 35S promoter in bim 
Ti plasmids. For plasmids pA4 and pB6, pFL2 was llneari? 
with Xba I, blunt-ended with the Klenow fragment of D^ 
polymerase I, and then digested with BamHl to release I 
1.3-kb insert, which was then ligated into the binary Ti veci 
pB1121, which had been digested with Sac I blunt-ended w 
T4 DNA polymerase, then digested with Bam HI. For plasn 
p9/18.3, pFL2 was digested with Xba I and then partia 
digested with Sac I. A gel band of ^IA5 kb that contained t 
insert was isolated from a gel and ligated into the AZw I and i 
I sites of the plasmid pSLJ4Kl (18). The resulting plasmid v 
then digested with£coRI and ////idlll, and the insert fragm* 
ligated into the EcoKl and Hindlll sites of pB1121 to prodi 
p9/18.3. This resulted in replacement of the 35S promoter- 
glucuronidase-rt05 terminator fragment of pB1121 with the 3 
promoter-pFL2 insert -noj terminator fragment derived fn 
pSU4Kl. 

The three clones (A4, B6, and 9/18.3) were transformed ii 
Agrobacterium tumefaciens strains GV3101 and LBA4404 
electroporation. Nicotiana tabacum SR-1 leaf explants wi 
transformed according to Newman et ai (19), except tJ 
leaves were maintained on No. 3 medium for 3 days prior 
inoculation. 

i 
I 

RESULTS i 

r 

1 

Isolation and Sequencing of cDNA Clone pFL2. Arf aven 
of «='400 bp of nucleotide sequence was obtained from t 
presumptive 5' end of 468 anonymous clones from k cDI 
library prepared from developing castor endosperm; and ( 
riched for seed-specific clones by differential screening (1 
Two clones were identified which had open reading fran 
with significant similarity to a microsomal co — 3 linole 
desaturase from Arabidopsis. A third, shorter clone was si 
sequently identified by comparison to the microsomal <o - 
desaturase of Arabidopsis, The partial sequence of th' 
clones, pCRS290, pCRS677, and pCRS834, indicated that tl 
were independent clones representing the same gene (14). C 
clone was used as a hybridization probe to isolate a putat 
full-length cDNA clone designated pFL2, and the compl 
nucleotide sequence of the insert in pFL2 was obtained 
both strands. 

The clone pFL2 encodes a 1161-bp open reading fra 
which is preceded by a 186-bp 5' untranslated region : 
followed by a 101-bp 3' untranslated region, including a sh 
(9-bp) poly(A) tail. The open reading frame encodes a 3 
amino acid protein with a predicted molecular weight of 44/ 
Da that we have designated FAH12. Alignment of the dedu^ 
amino acid sequences of FAH12 and Xhz Arabidopsis FA 
microsomal oleate 12-desaturase (20) shows that these 
quences have 67% identity and are colinear except fo 
4-amino acid insertion near the amino terminus of the p 
dieted FAH12 protein (Fig. 1). The FAH12 sequence inclu 
three histidine-rich motifs (at residues 108-113, 145-149, ; 
319-323) that are conserved among all membrane-boi 
desaturases and thought to be important in the active site 
these enzymes, possibly as binding sites for the iron cofact 
(9, 12, 13. 20). 

Comparison of the deduced amino acid sequence of FAi 
with (hat of a range of plant membrane-bound desatura 
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Fig. 1. Comparison of amino acid sequences of microsomal oleate 
dcsaturase (FAD2) ixomArabidopsis and the castor oleate hydroxylase 
(FAH12). Identical amino acids are indicated by two dots and con- 
servative differences are indicated by a single dot. The histidine jnotifs 
arc highlighted. 

(Fig. 2) indicates that FAH12 is more closely related to FAD2 
than to other desatnrases. For simplicity, only sequences from 
Arabidopsis and castor were used for the comparison (a 
representative of each membrane-bound desaturase gene that 
has been cloned is available from Arabidopsis), The other 
sequence for a putative membrane-bound desaturase from 
castor (FAD7) is included as an indicator of the level of 
divergence of a given gene between these two species. The 
FAH12 and FAD2 sequences are considerably more divergent 
(67% identity) than are the FAD7 sequences of castor and 
Arabidopsis (83% identity when the divergent putative transit 
peptides are excluded). Inclusion of desaturase sequences from 
other organisms in the analysis confirms that the divergence 
between FAH12 and FAD2 oi Arabidopsis is at the limits of 
that expected for interspecific divergence of a single gene (data 
not shown). 

Southern Analysis. A Southern blot of genomic DNAs 
probed at high stringency with pFL2 indicated that this clone 
corresponds to a single-copy gene in castor (Fig. 3). No signal 
was apparent on Southern blots of Arabidopsis genomic DNA 
probed at high stringency (14), consistent with the absence of 
any known oleate 12-hydroxylase enzyme in this species. 
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Fro. 2. Dendrogram derived by multiple alignment of deduced 
amino acid sequences of FAH12 and various fatty acyl dcsaturases. At. 
Arabidopsis thaliana; Rc, Ricinus communis. FAD2 and FAD3 arc 
microsomal w - 6 and w - 3 desaturases, respectively. FAD6 is a 
plastid w - 6 desaturase. FAD7 and FADS are plastid w - 3 
dcsaturases. 
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Fig. 3. Southern blot of 
genomic DNA from castor (5 fig 
per lane) probed with the ^^P- 
labeled insert of clone pFL2. The 
• * positions of DNA size standards 

(kb) are shown on the right. 

Additional bands could be detected on the castor blots under 
less-stringent hybridization conditions (14), indicating the 
existence of E4//i2-related sequences. Indeed, we have re- 
cently isolated a related castor clone that is expressed at similar 
levels in seeds and leaves and may, therefore, represent the 
castor FAD2 desaturase (P.B. and C.S., unpublished data). 

Seed-Specific Expression of FAH12 in Castor. Ricinoleic 
acid occurs only in the seeds of castor. In contrast, as a general 
rule, fatty acid dcsaturases active in seeds are also represented 
by the same gene or a functionally equivalent isozyme in 
vegetative tissues. Therefore, we examined the , expression 
pattern of FAH12 by Northern blot analysis. The i^4//22 probe 
hybridized to a single band of 1.6 kb in developing seed RNA 
(Fig. 44), without any visible hybridization to leaf RNA. Upon 
overexposure (Fig. 4J?), a band of similar size was detected in 
leaf RNA, in addition to a second, larger band in seed RNA. 
There was a 268-fold difference in signal intensity between the 
primary seed and leaf bands when the blot was exposed to a 
phosphorimager screen. This strong seed-specific expression 
oiFAHll was also evident from the observation that l/560th 
of the clones from a seed cDNA library hybridized at high 
stringency to the FAH12 gene. These observations are consis- 
tent with the abundance of oleate 12-hydroxylase activity in 
developing seeds and the apparent, lack of ricinoleic acid in 
other tissues. No desaturase or other putative desaturase 
homolog which would have these characteristics is known in 
castor. 

Analysis of Transgenic Tobacco Plants. Transgenic tobacco 
plants containing the FAH12 cDNA behind the cauliflower 
mosaic virus 35S promoter were produced and seed was 
obtained from each primary transgenic plant to produce a set 
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Fig. 4. Northern blot analysis 
of FAH12 expression in castor. A 
^^P-labeled probe corresponding to 
^-TOO bp of the 3' end of clone 
pFL2 was hybridized to 3 /xg of 
poly(A)+ RNA from leaves (L) and 
developing seeds (S) of castor. {A) 
Blot exposed to film for 30 min. {B) 
Same blot exposed for 16 h. (C) 
Same blot rehybridized to a ^^P- 
labeled probe made from the Col- 
letotrichum graminicola ^-tubulin 
gene TUB2 at 58*0 (21). The po- 
sitions of RNA size standards (kb) 
are shown between A and B, 
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FIG 5. Gas chromatograms of TMSslerivatized fatty add methyl 
«te« from tobacco seed Upids. (4) Tobacco transform Jwith pBI121 
(B) TobaoH) transformed with pA4. The number 9 corresponds to a 
novel peak at 12.4 min. ( W) Region of the chromatograS around 
V '«o''"ioa Peak identification: 1. l&fr. 2. not 

8 St' m«!Sa ' ^^""^ ^' ^' 18=2^'-"; 7, 18:3^»:> 

of T2 familira. The presence of an intact FAH12 gene in the 
geiiome of T2 plants was verified by selecting for kanamycin 
resistance and by using DNA from selecttl plants 
template for PGR amplification of the gene with specific 
pnmeis. Southern blot analysis established that the number of 
copies m the genome of transgenic plants ranged from 2 to 4 
(results not shown). 

Fatty acids were extracted from mature seeds from T2 
plant?, and mdividual species were ^cso^ed as TMS-esters by 
gas chromatography. In four of seven independent transgenic 
toes, a novel peak was observed at the position of the 
^omatogram where TMS-methylridnoleate eluted (Fie 5) 
This peak was absent in the chromatograms of both wOd-type 
seeds (results not presented) and seeds of plants transformed 

with thepBim vector (Fig.5).MassspectrJmetrySS 
peak showed that it produced an equivalent mass spectrum to 
Oiat of denvatized ricinoleate (Fig. 6). Three chwacteristic 
lonswithm/zvalues 187. 270. aiil 1)9 irres^nS to E £52 
major fragmentation or rearrangement products of TMS- 
methylncmoleate (Fig. 6). Thus, on the basis of chromato- 
graphic retention and mass spectrum the novel peak was 
unambiguously identified as TMSHlerivatizcd meuiylricin- 
o eate. Although clearly detectable, accumulation of ricin- 
oleate m the seeds of transgenic tobacco plants was very 
hmited, representing ~0.1% of the total seed fatty acids (Table 

Leaf tissue was harvested from individual plants of T2 
famihes. and fatty acid composition was determined by gas 
chromatography (Table 1). No accumulation of ricinolette 

^- Fatty acid composition of transgenic and control 
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FIG 6. Mass spectrum ofmS-mcthyiridnoIeatcM) and the pft 
at 1Z4 mm on the chromatogram in Fig. SB (B). The structure ofti 
two fragments at mjz 187 and 299 is shown in ^ A rcainmgcmc 
product of the fragment at m/z 299 produces the fragment atm/z 2 
shown m B, 

could be detected, even when relatively large amounts of tisst 
were used and individual peaks were further analyzed by m& 
spectrometry. Analysis of shoots from Tl plants gave a simili 
result. Except for the presence of ricinoleate, comparison t 
fatty acid composition between transgenic and control plan; 
did not reveal significant differences. 

DISCUSSION 

Because we and others have not been able to purify the caste 
oleate hydroxylase, we undertook to isolate a cDNA clone b 
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Seed 
Seed 
Seed 
Seed 
Leaf 
Uaf 
Leaf 
Uaf 



10.8 
10.4 
10.6 
11.0 
1Z6 
10.2 
12.9 
13.0 
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0.1 
0.1 
0.1 
0.1 
0.3 
3J 
1.0 
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8.7 ± 0.3 

9.1 ± 4.2* 

9.2 ± 1.4 
7.7 ± 1.6 



2.5 
2.3 

2.7 ±0.1 
2.7 ± 0.3 
0.9 ± 0.1 

1.0 ± 0.6 

1.1 ± 0.3 
1.1 ± 0.2 



18:3 



18;l-OH 



Values presented are the mean ± SD (/i = 3) 
•The 16:3 and 18:1 peaks overlapped in some of these measurements. 



11.1 ±0.1 
11-1 ±0.1 
11,8 

11.0 ±0.1 

1.2 ± 0.1 
0* 

1.6 ± 0.3 

1.3 ±0.2 



74 
74 
73 
73 
12, 

8. 
12. 

9. 



.0 ± 0.1 
.4 ± 0.1 
.4 ± 0.3 
.8 ± 0.3 
.7 ± 0.3 
.7 ± 4.7 
0 ± 1.8 
7± 1.2 



1.2 

1.1 ±0.1 
1.1 

1.0 ± 0.1 

55.6 ± 2.1 

53.7 ± 2.3 
57.2 ± 3.1 
60.9 ± 2.8 



0 

0.1 ±0.1 
0.1 

0.1 ± 0.1 
0 
0 
0 
0 



Biochemistry: van de Loo et ai 

exploiting the high-throughout capabilities of automated DNA 
aequenaiors to examine anonymous clones from a castor 
aidosperm cDNA library for the presence of deduced amino 
add sequence homology to known fatty acyl desaturases. The 
tasis of this strategy was concurrent studies of the stearyl-ACP 
<5esaturase, which had suggested that hydroxyla3es and desatu- 
nses shared a similar reaction mechanism (1, 11-13), and by 
ae striking, superficial similarities between the oleate hydrox- 
5(asc from castor and several microsomal desaturases (5). At 
6e time we were engaged in this work, the first plant micro- 
lomal desaturase sequence had just become available for the 
FAD3 gene of Arabidopsis, an w - 3 linoleate desaturase (26) 
By partially sequencing 468 cDNAs from castor, we identified 
rwo overlapping clones from a gene with low but significant 
fimilarity to \ht Arabidopsis FADS desaturase. The gene \yas 
^ery strongly expressed in developing seeds but weakly or not 
i£ all in leaves. Therefore, we tested the function of the gene 
bf expressing it in transgenic plants. 

Seeds from four of seven independent transgenic tobacco 
plants contained a fatty acid that comprised only 0.1% of the 
ctal seed fatty acids and that eluted from chromatograms of 
iifie same position as a ricinoleic acid standard. GC/MS of TMS 
iSerivatives of this fatty acid produced a characteristic frag- 
nentaUon pattern that unambiguously identified the peak as 
TMS-methyhicinoIeate. Thus, we conclude that the FAH12 
cDNA encodes the oleate hydroxylase from castor. 

Of the known desaturases, the oleate hydroxylase is most 
dosely related to the microsomal o) - 6 desaturase from 
Afobidopsis (20). This suggests that the two enzymes are 
derived from a common ancestral enzyme or that the hydrox- 
?iase has evolved from the o> - 6 desaturase. We have recently 
Bolated a cDNA clone for a putative a> - 6 desaturase from 
castor (unpublished results) which is expressed throughout the 
plant and has approximately the same degree of sequence 
smilarity to the castor oleate hydroxylase as to the a> - 6 
desaturase ixom Arabidopsis. Therefore, it appears that it will 
ce necessary to obtain additional examples of sequence infor- 
mation for these two enzymes to use comparative sequence 
^formation to identify amino acid residues that may play a role 
in dWerting the catalytic cycle towards desaturation or hy- 
droxylation. 

Ricinoleic acid could not be detected in the leaves of any of 
the transgenic plants. Northern analysis of transgenic tobacco 
feaves showed high abundance and correct size of the hydrox- 
ylase mRNA (results not shown). Preliminary attempts to 
measure enzyme activity in leaf extracts failed. Therefore, 
additional studies will be required to determine if a functional 
enzyme accumulates at the appropriate subcellular location. It 
is possible that the hydroxylase may be active in transgenic 
plants but that ricinoleic acid is rapidly catabolized and. 
therefore, does not accumulate. There is evidence of high 
phospholipase A activity in castor and other plants toward 
oxygenated acyl groups (6, 22). Ricinoleic acid, which resem- 
bles hydroperoxides formed in conditions of membrane oxi- 
dative damage, might be selectively removed and degraded in 
tobacco leaves by enzymes involved in maintaining membrane 
integnty. These factors may also limit the buildup of ricinoleic 
acid in the seed; however, detectable accumulation proves that 
the castor hydroxylase is at least partially active during seed 
development. Among seed-specific factors which may be lim- 
iting, discrimination of tobacco acyltransferases against CoA- 
or lipid-bound ricinoleoyl groups may play a role in restricting 
iheir transfer to specific positions of the glycerol backbone. 
Diacylgiycerol acyltransferases may have poor affinity for 
ricinoleoyl containing molecules and prevent accumulation of 
the unusual fatty acid in the triacylglycerol pool. Such selec- 
tivity has been demonstrated in recent studies of acyltrans- 
ferases in several plant species (23-25). The accumulation of 
ncmoleic acid m seeds of transgenic tobacco but not in leaves 
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(despite use of the constitutive cauliflower mosaic virus 35S 
promoter) is consistent with the normal pattern of accumu- 
lation in castor and of unusual plant fatty acids in general. 
Thus, it is possible that expression of the transgene reveals a 
homeostatic mechanism normally masked by the transcrip- 
tional control of the hydroxylase gene in castor. 

The high degree of chemical diversity represented in the 
collective chemical constituents of angiosperms has arisen by 
the rapid evolution of a large number of enzymes. The results 
presented here provide an example of how a new enzymatic 
function may arise by modifications of a preexisting enzyme. 

We are grateful to Brian Fox and John Shanklin for helpful 
discussions, Svieta Ndibongo and Susan Lootcns for technical assis- 
tance, and Yves Poiricr and John Shanklin for gifts of genomic DNA 
This work was supported in pan by a grant from the U.S. Department 
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Marked-VP Version Of The Changes M ade To The Claims. 



IN THE CLAIMS: 



5. (Amended) 



A vector for transformation of plant cells, characterized in that said 



vector contains a deoxyribonucleic add sequence according lo SEQ ID NO:23, which is SEQ 
ID N0:[ ]1 altered to contain an 81 bp insertion, such that the deduced amino acid sequence of 
the encoded protein contains the repeated sequence SHAGLFl^LC\a^lAVNSEL^m^lK 
according to SE[D]Q ID NO:25, where the spacing and identity of the underlined amino acids 
are identical or are replaced by conserved substitutions. 

6, (Amended) A vector according to claim 3 [or claim 5], characteri2ed in that said 

sequence is present in said vector in a sense orientation. 

1 2. (Amended) A genetically transformed plant, characterized in that said genome has 
been transformed by a vector according to claim 3 or claim 4 [or claim 5]. 

13. (Amended) A genetically transformed plant seed, characterized in that said seed 
has been transformed by a vector according to claim 3 or claim 4 [or claim 5]. 

14. (Amended) A plant seed as claimed in Claim 1 1 or [Claiim] Claim 1 3, 
characterized by exhibiting an altered seed oil content compared to an average of a 
statistically- significant number of seeds of genomically-unmodified plants of the same 
genotype grown in identical conditions at the same time. 

1 5. (Amended) A plant seed as claimed in Claim 1 1 or Claim,! 3, characterized by 
cxlnbiting an altered diacylglycerol content in its seed oil compared to an average of a 
statistically-significant number of seeds of genomically-unmodified plants of the same 
genotype grown in identical conditions at the same time. 
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16. (Amerded) A plant seed as claimed in Claim 1 1 or Claim 13, characterized by 
exhibiting a seed oil with an altered fatty acyl composition compared to an average of a 
statistically-significant number of seeds a genomically-unmodified [plantof] plant of the same 
genotype grown in identical conditions at the same time. 

1 7. (Amended) A plant as claimed in Claim 10 or Claim 1 2, characteri^d by 
exhibiting an enhanced biomass compared to an average of a sUtistically-significant number 
of genomically-unmodified plants of the same genotype grown in identical conditions at the 
same time. 

18. (Amended) A seed as claimed in Claim 1 1 or Claim 13. characterized by 
exhibiting an enhanced biomass compared to an average of a statistically-significant number 
of seeds of genomically-unmodifxed plants of the same genotype grown under identical 
conditions at the same time. 

1 9. (Amended) A method of producing transgenic plants by introducing a nucleotide 
sequence mto a genome of said plant, characterized in that said nucleotide sequence 
introduced into said genome includes SEQ ID NO: 1 or SEQ ID NO:3, or a pan of SEQ ID 
N0:1 or SEQ ID N0:3, or a sequence that is substantially homologous to SEQ ED N0:1, or 
to SEQ ID N0:3, [or to or SEQ ID NO: 1 ,] or a part of SEQ ID NO: 1 or SEQ ID NO:3 [, or a 
sequence that is substantially homologous to SEQ ID NO: I or SEQ ID NO: 3 or SEQ ID 
N0:1 containing an 81 bp insertion [SEQ ID NO:23] such that the deduced amino acid 
sequence of the encoded protein contains the repeated sequence 

SHAGLFNLCVVVUAVNSRLIIEIUMK according to SED ID NO:25, where the spacing 
and identity of the underlined amino acids are identical or are replaced by conserved 
substitutions], 

22. (Amended) A plant DNA sequence or pare thereof, characterized in that the 
sequence is substantially homologous to at least a part of SEQ ID NO: 1 or SEQ ID N0:3, and 

.../9 
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in that said sequence has been isolated, characterized or designed using sequence information 
fixim SEQ ID NO; 1 or SEQ ID N0:3, or SEQ ID NO: 1 containing an 8 1 bp insertion [SEQ 
ID NO:23] such that the deduced amino acid sequence of the encoded protein contains the 
repeated sequence SHAGLFNLC\^]^IAVNSI^im!^MK according to SEp]Q ID 
NO;25, where the spacing and identity of the underlined amino acids are identical or aie 
replaced by conserved substitutions. 

23. (Amended) A method of changing the oil content, acyl composition or 
diacylglycerol/ triacylglycerol proportions of the seed oil of plant seeds by introducing a 
sense or anti-sense nucleic acid construct into a plant transformation vector, using the vector 
to transfonn the genome of a plant or plant seed, and then growing die plant or plant seed and 
extracting the oil from the plant seed, characterized in that said nucleic acid sequence is SEQ 
ID N0:1 or SEQ ID N0:3, or a part of SEQ E) N0;1 or SEQ ID N0;3, or a sequence that is 
substantially homologous to SEQ ID NO: 1 or SEQ ID N0:3 [or SEQ ID N0:1 [SEQ ID 
NO:23] containing an 81 bp insertion such that the deduced amino acid sequence of the 
encoded protein contains the repeated sequence SHAGLFNLCVVVUAVNSELIIMLMS 
according to SED ID NO;25, where the spacing and identity of the underlined amino acids 
are identical or are replaced by conserved substitutions]. 



